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The pion term couples with the nucleon through the
pseudo-vector coupling. We take here all the terms used
in Ref. [13]. Here,  denotes the scalar meson, ! the vec-
tor meson and  the isovector-vector meson. The photon
is denoted by A. At the same time, in principle, there
should be a coupling of pion with the delta state. In
this paper, we do not include this contribution for sim-
plicity of discussion, although this contribution will act
constructively for surface pion condensation. We do not
consider the tensor coupling term of the  meson either
in order to concentrate on the pion degree of freedom.
All these eects will be worked out in the near future.
We then assume that the expectation value of the pion
eld is nite. In addition, the nuclear system is isospin-
singlet due to the choice of N=Z nuclei and hence the
self-consistent Hamiltonian is invariant under the isospin
rotation [14]. We choose therefore the nite value of the
pion mean eld as the z-component; i.e. a = 0, without
the loss of generality . We write the nite pion mean eld
as  without the isospin suÆx.
For simplicity, we write only the equations of motion
for the nucleon, the sigma and pion with only the linear













































  i; (5)
for pion and sigmamesons. Here, the bracket h   i above
denotes the ground state expectation value. The other
mesons follow the same equations of motion as above.
The equations (3) and (4) tell the structure of surface
pion condensation. The pion eld is generally nite when
the source term breaks the parity. The pion eld is en-
hanced by a spacial change of the source term. When the
pion eld is nite in (3), the nucleon single particle state
breaks the parity, which provides again the pion source
term nite. The self-consistency provides the converged
solution to the above equations.
These equations tell the reason why we have not in-
cluded the pion mean eld until now. The violation of
the parity is caused by the pion term in the above Dirac
equation for nucleons. Hence, the single particle state














denote nucleon single particle wave functions
with the total angular momentum j and its projection
m. We assume the spherical symmetry for the intrinsic
state. The summation over  means the parity mixing,
where  is  =  (l
"
+ 1) for l
"





= j+ 1=2. The calculational detail will be provided in
the forthcoming publication [15].
We show the numerical results. We take the TM1 pa-
rameter set of Ref. [13]. As for the pion-nucleon coupling
we take the value of Bonn A potential [16], which corre-








 1. We stress
again here that we use all the terms given in the La-
grangian (1). This means that the saturation property is
guaranteed and the bulk part of the nucleus tends to have
the saturation density. Since we are especially interested
in the occurrence of nite pion mean eld and want to
see its eect under the simplest condition, we neglect the
















We show the results in Table I with and without pion
mean eld. We show the total binding energy (BE), the





) and pion energy (V

). The nite pion mean
eld case provides larger total binding energy than the
one without pion mean eld. The pion energy is attrac-
tive, while all the other terms as the kinetic energy, the
combined sigma and omega energy do not favor nite
pion mean eld.
We show the mass number dependence of the pion en-
ergy per nucleon in Fig. 1. We mention here that the ki-
netic energy and the sigma and omega energies are almost
constant of the mass number and hence they are volume
like as easily recognized from the numbers in Table I. We


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4In the LS-closed shell case, the higher spin-orbit partner
in the upper shell above the Fermi surface is not used
for the 0
 
particle-hole excitations. On the other hand,
in the jj-closed shell case, this higher spin-orbit partner
state is now lled and is used for the 0
 
particle-hole
excitations as a hole state. Hence, more attraction is
expected for jj-closed shell nuclei than those of the LS-
closed shell nuclei. The pion energy is gained largely for
the jj-closed shell nuclei, because the number of states to
be mixed by the pionic correlations increases and these
states contribute coherently to the pion energy. We are,
however, not yet clear about the peculiar mass depen-
dence of the LS-closed shell nuclei. This distinct feature
of the dierence between the LS-closed and the jj-closed
shell nuclei can be the consequence of using only the pion
correlations.
We discuss here the qualitative consequence of surface
pion condensation. First, we discuss the Gamow-Teller
(GT) transitions. Without pion condensation, there ex-





and only two transitions, for example, for
90
Zr. How-
ever, the mixing of parity in the intrinsic state allows
transitions of 2p{2h states. This makes the spectrum
of the GT transitions with some GT strengths above the
two dominant peaks in
90
Zr [8]. Hence, naturally we have
large strengths in the continuum in the simple mean eld
theory as the experiment demands.
The longitudinal spin response functions should be
largely modied due to pion condensation. The longitu-
dinal spin response is caused by the pionic correlations.
Since the large pionic strength is used up to construct the
nuclear ground state, the pionic uctuation oughts to be
reduced largely. This should make the spin response in
the pion channel weak. This remains to be demonstrated
in the future work.
The surface pion condensation provides us with the
possibility to describe the short range correlation eect.
As seen above in the discussion of the parity projection,
the surface pion condensation provides a large amount
of the 2p{2h excitations in the nuclear ground state au-
tomatically. There should be many other consequences
of surface pion condensation in nuclear phenomena. The
pairing correlations and the spin-orbit couplings are all
surface phenomena and surface pion condensation would
couple with these correlations and would provide rich
phenomena.
We have discussed the possible occurrence of surface
pion condensation in order to understand the recent (p,n)
experimental data taken at RCNP. This suggestion is mo-
tivated by the missing pion contribution in the discussion
of ground states of nite nuclei, while pions are essential
for hadron physics. We have made calculations with the
inclusion of nite pion mean eld and demonstrated the
nite results for N=Z closed shell nuclei. We have demon-
strated that the pion energy behaves proportional to or
even stronger than the nuclear surface. Hence the name
surface pion condensation is used in this paper. We have
made qualitative discussions on the consequence of sur-
face pion condensation on the Gamow-Teller strengths,
the spin response functions and the short range correla-
tions. The large dierence of the pion energies in jj-closed
shell and LS-closed shell nuclei has been found and may
be connected with the mechanism of a part of spin-orbit
splitting as due to the tensor force discussed long time
ago by Takagi et al. and Terasawa [17]. To go further, we
have to x the parameters of the Lagrangian (1), which
includes the eect of nite pion mean eld and other
terms as the delta state and the  meson tensor term.
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